In this paper, we evaluate the outage performance of cooperative transmission in two-dimensional random networks. Firstly, we derive the joint distributions of the source-relay and the relay-destination links. Secondly, the outage probability for the decode-and-forward relaying system is derived when selection combining (SC) is employed at the destination. Finally, we calculate the average outage probability of the system and then attempt to express it by a simple approximate expression. The simulation results are presented to verify the accuracy of the derivations. Similar to deterministic networks, the cooperative transmission in random networks outperforms direct transmission at a high signal-to-noise ratio (SNR). 
Ⅰ. Introduction
Cooperative wireless communication has gained much attention as an efficient method to mitigate the effects of fading channels. Currently, various cooperative transmission protocols have been researched in several studies [1] ～ [5] from the viewpoint of implementation issues and performance evaluations using outage analysis. So far, most work related to cooperative communication has been developed on deterministic networks, in which the distances are assumed to be constant. However, in practice, nodes in wireless networks may be randomly and independently distributed over the entire area. Thus, the distance between any selected node pair is a random variable, and the performance of the system should be evaluated following the distribution of the link distance. This motivates us to study the performance evaluation of the cooperative transmission in random networks.
In this paper, we consider the data transmission between a deterministic source and a deterministic destination, with the help of relay nodes that are uniformly distributed in a two-dimensional random network. The cumulative density function (CDF) and probability density function (PDF) of the distance between randomly selected nodes are derived for various deployment models [6] , [7] . However, when a common terminal such as the common relay is involved, the distance between the source and the relay and the distance between the relay and the destination are not independent. In [8] , [9] , the authors proposed the alternative method of finding the joint CDF of the distances between nodes and the reference terminal. Similarly, we first derive the CDF and PDF of the source-relay distance and the relay-destination distance. Next, we derive the joint CDF and PDF of the source-relay and relay-destination distances. Applying this joint PDF to the outage probability derived over Rayleigh fading channels, we calculate the average outage probability of cooperative communication in twodimensional random networks. To reduce the complexity of the numerical calculations, we propose a simple method to approximate this outage probability. Finally, simulation results are presented to verify the accuracy of the analyses.
The rest of this paper is organized as follows. The system model is described in section Ⅱ and the theoretical analyses are presented in section Ⅲ. The simulation results are presented in section Ⅳ and section Ⅴ concludes this paper. x y , where j x and j y are uniformly and independently random variables in interval (0, 1). It is noted that in Fig. 1 , we choose the positions of the sour- Fig. 1 . Two-dimensional network including a deterministic source, a deterministic destination, and random relays.
Ⅱ. System Model
ce and the destination to simplify the calculations. For their other positions, the mathematical derivations can be determined in the same manner. In this paper, it is assumed that all nodes have a single antenna and hence, for medium access, the time division multiple access (TDMA) technique is used. In the first time slot, the source S broadcasts its signal to the destination and relay nodes. At the end of this time slot, relays attempt to decode the signal received from the source. If the channel between a relay and the source is good enough, it decodes and forwards the signal to the destination. Let us denote D C as a decoding set whose members are relays that successfully decode the signal. The remaining relays are assumed to belong to set W C .
In the following N time slots, members of the set D C forward the signal to the destination in a predetermined order [2] .
Ⅲ. Outage Analysis

3-1 The Distribution of Link Distance
For ease of presentation, let us denote j d and (
as the distance between the source S and relay j R and the distance between the relay j R and destination D, respectively. The link distance between the source S and relay j R is determined as:
Now, we can define the CDF of j d as:
Since j x and j y are uniformly and independently ran- 
If 1 / 2 1 z < £ , as illustrated in Fig. 3 , the overlapping area represents the compositions of a rectangle and a sector. Hence, we obtain the CDF
Similarly, if 1 5 / 2 z < £ , we have:
In the last case, when 
In addition, due to the symmetrical characteristic, the CDF and PDF of the link distance j l are same as those
Next, we derive the joint distribution of the link distances j d and j l . The joint CDF is defined as:
Given different values of z and t, we have a total of 12 cases, as follows:
1 / 2 1 and 1
1 / 2 3 1 / 2 and
, ,
․Case 8: 
, , 
, , 1 / 2 z < < and 1 1 z t -< < . In this figure, we denote A and B as the intersection points of these two circles. In addition, it is easy to obtain the x-coordinate of the two points A and B as ( )
. Therefore, the overlapping area includes two sectors that are separated by the line ( )
. Considering the sectors on the left of the separating line, the area of this sector is given as:
Similarly, the area of the sectors on the right of the separating line is determined by:
From (9) and (10), we obtain (8.4). Now, differentiating Assuming that the channels between two nodes are subjected to flat Rayleigh fading plus additive white Gaussian noise (AWGN), the signal received at receiver j due to the transmission of transmitter i is given by:
where P is the average transmit power of node i (we assume that the source and relays have same transmit power P); j h is an AWGN noise sample with variance 0 / 2 N per dimension at receiver j; , l . To take path loss into account, we can model the variance of the channel coefficient between nodes i and j as a function of distance between two nodes [10] . Therefore, the parameter , i j l can be expressed by:
where b is a path loss exponent that varies from 2 to 6 and ,
is the distance between node i and node j. Now, we introduce some notations used below as follows. Let us denote 1, j h and 2, j h as the channel coefficients between source S and relay j R and between relay j R and the destination, respectively; furthermore, we denote 1, j l and 2, j l as the parameters of , respectively. In the direct transmission scheme (DT), the source transmits the signal to the destination directly without the help of any relays. The mutual information between the source S and the destination D is given by:
Now, we define the outage probability of the S-D link as:
where R is the target rate of the system. Using the CDF of 2 2,0 | | h , we can easily calculate the outage probability of the direct transmission as:
where 0 SNR / P N = is the average transmit signal-tonoise ratio (SNR).
For cooperative communication, the mutual information between the source S and relay j R is determined as:
where the factor 1/(N+1) accounts for the fact that the overall transmission is split into N+1 time slots. If 1, j I is higher than the system rate R, the relay j R successfully decodes the source's signal. Otherwise, the decoding status at relay j R is considered to fail. Hence, this outage probability can be formulated as:
where ( )
Because the decoding set D C is a random set, the number of relays in this set is also a random variable
, the probability for the decoding set CD can be obtained by:
where 1, m i P is calculated as in (17).
Using the total probability law, we can write the outage probability of the system as follows:
Because the SC technique is used at the destination, the mutual information D C I is given by:
From (20), the outage probability at the destination in each case of the decoding set C D is calculated as: 
From (18), (19) and (21), the outage probability of the system can be given by: 
At a high transmit SNR value, we can approximate ( )
( )
Substituting (23), (24) into (22), we obtain:
Hence, the expected value of CC out P can be approximately calculated in a two-dimensional network as follows: 
Ⅳ. Simulation Results
In this section, we provide some numerical results for the outage probabilities developed in section Ⅲ and verify them with Monte Carlo simulations. , Fig. 7 . Outage probability as a function of the average transmit SNR (P/N0) in dB when R=1 and 4 b = .
Fig . 6 shows the outage probability as a function of the average transmit SNR (P/N0) in dB. In this figure, the target rate and the path loss exponent are set by 1 and 3, respectively, while the number of cooperative nodes N varies from 0 to 2. For the direct transmission (DT) protocol, which corresponds to N=0, the source transmits the signal to the destination directly without the help of relays. We can see from Fig. 6 that the cooperative communication (CC) protocol outperforms the direct transmission protocol at the high SNR region. This is because the cooperative communication obtains a higher diversity order than that of direct transmission. In addition, it can be observed that the simulation and numerical results are in good agreement, and the approximate results (dotted lines) match very well with the exact results (solid lines) in the high SNR region.
In Fig. 7 , the parameters are fixed as follows: R=1 and 4 b = . In this figure, the results are plotted by numerical computations. As we can see, the cooperative communication can obtain full diversity order, which equals the number of cooperative nodes (N) in the network plus 1.
Ⅴ. Conclusion
In this paper, we evaluated the performance of cooperative communication when relays were placed randomly in two-dimensional networks. We proposed a simple approximation of the average outage probability for the decode-and-forward system to reduce numerical computations. The numerical and simulated results were presented to demonstrate the validity of the analytical results. The results presented that similar to deterministic networks, the cooperative transmission in random networks not only outperforms direct transmission, but also achieves higher diversity gain.
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